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1. Introduction 
It is known that cholesterol and phospholipids are 
in dynamic equilibrium and spontaneously exchange 
both in vitro and in vivo between individual classes of 
plasma lipoproteins [l-4] . Spontaneous transfer of 
phospholipids has also been shown between lipoproteins 
and erythrocytes [5],mitochondria [6] ,liver microsomes 
[7] , liver slices [8] and cells in culture [9]. In these 
examples of phospholipid exchange it is presumed 
that transfer occurs upon formation of a collision 
complex. Evidence for a protein-facilitated transfer 
of lipoprotein phospholipids in serum is controversial 
[7,10]. On the other hand, eukaryotic cells contain 
proteins designated as phospholipid exchange proteins 
(PLEP) that do facilitate the transfer of phospho- 
lipids from one membrane to another [ 1 I-131 . A 
purified PLEP from beef liver shows a highly specific 
affinity for phosphatidylcholine (PC-PLEP [ 141). 
Two proteins have been isolated from bovine cerebral 
cortex which stimulate both the transfer of phos- 
phatidylinositol (PI) and PC (PI-PLEP [IS] ). Recently, 
exchange proteins have been isolated from rat liver 
[ 161 and hepatoma [ 171 which lack specificity in the 
transfer of phospholipid. 
The purpose of the present study was to determine 
whether and if so, to what extent, purified PC- and 
PI-exchange proteins catalyze the transfer of phos- 
pholipids between rat liver microsomes and the 
individual classes of lipoproteins. It will be shown 
that the protein-mediated transfer of labeled PC and 
PI from microsomes to very low density lipoproteins 
(VLDL), LDL and HDL was 5-lo-fold higher than 
38 
without PLEP, and that PC in the various lipoproteins 
was completely available for exchange. In addition, 
the present study shows that PC in microsomes is 
fully exchangeable with lipoproteins, and is con- 
sistent with recent reports where liposomes were 
used as the phospholipid acceptor [18,19]. 
2. Materials and methods 
Each of the human lipoprotein classes was isolated 
from a normal fasting individual by ultracentrifugal 
flotation of plasma in salt solutions of KBr. A 
Beckman Model L2-65 centrifuge (Spinco Div., 
Palo Alto, Calif.) equipped with a type 40 rotor and 
operated for 22 h at 8°C and 39 000 rev./min was 
used. The density ranges for the isolation of the lipo- 
proteins were as follows: VLDL, d<l.O06; LDL, 
d 1.020-1.050; and HDLd 1.063-1.210;each lipo- 
protein class was refloated at their respective densi- 
ties. The isolated lipoproteins were dialyzed against 
0.9%NaCl, 0.001 M EDTA, 0.05 M Tris-HCl, pH 7.6, 
and used immediately. Protein was determined by the 
method in [20]. 
Bovine liver PC-PLEP was purified as in [21] . 
PI-PLEP was isolated from bovine brain as in [22] . 
Both PC- and PI-PLEP were homogeneous by poly- 
acrylamide gel electrophoresis. Radioactively-labeled 
microsomes were prepared from rat liver by intravenous 
injection of [Me-14C]choline [21] or in vitro by 
incubation with [Me-3H] inositol [ 151. The isolated 
microsomes contained 530 mnol PC/mg protein and 
56 nmol PI/mg protein with spec. act. 77 dpm/nmol 
and 4200 dpm/nmol, respectively. 
ElsevierfNorth-Holland Biomedical Press 
Volume 94, number 1 FEBSLETTERS October 1978 
Radioactively labeled microsomes were incubated 
in total 1 ml with lipoproteins in the absence and 
presence of purified exchange proteins in a shaking 
water bath at 37°C. The buffer was 0.05 M Tris-HCl 
(pH 7.6). For further details, see table legends. The 
reaction was started by the addition of the exchange 
proteins and terminated by immersion in an ice bath. 
After incubation the mixture was transferred quanti- 
tatively to a centrifuge tube (total 5 ml), the micro- 
somes were sedimented at 150 000 X g for 90 min 
(angle rotor no. 50, Spinco) and the supernatant 
solution containing the lipoproteins removed. Lipids 
were extracted from the various fractions as in [23] 
and assayed for radioactivity and phospholipid phos- 
phorus by the method in [24]. Under the conditions 
of incubation, the microsomal and lipoprotein PC 
pool accessible to the exchange protein will have 
equilibrated completely at the end of incubation. 
Thus, the maximal transfer of [14C]PC from micro- 
somes to lipoproteins will equal (Y/(X + Y)) a cpm, 
where X and Y are the total microsomal and lipo- 
protein PC pools, respectively, and a is the micro- 
somal [14C]PC radioactivity. We may conclude that 
the microsomal and lipoprotein PC pools are fully 
accessible to the exchange protein if the calculated 
maximal transfer of [r4C]PC compares with the 
determined values. 
3. Results 
[r4C] PC-labeled microsomes were incubated with 
increasing amounts of HDL and excess PC-PLEP to 
determine what percentage of the microsomal [r4C] -
PC was available for transfer. As shown in table 1, 
-9% of the [ r4C]PC was transferred from micro- 
somes to HDL. HDL phospholipid consists of 73% 
PC [25] . If we assume that the total microsomal and 
HDL PC pools are involved in the protein-mediated 
transfer, then the calculated extent of [r4C]PC 
transfer is very similar to the determined transfer. 
This indicates that all PC in the microsomes i acces- 
sible to PC-PLEP. This complete protein-mediated 
exchange isconsistent with fmdings using labeled 
microsomes and phospholipid vesicles [18,19] .
VLDL, LDL and HDL contain 77%, 70% and 73% 
PC, respectively [25]. These lipoproteins were 
incubated with [ “C]PC-labeled microsomes 
(0.330 pmol PC) and excess PC-PLEP to determine 
what percentage of lipoprotein PC is accessible to 
Table 1 
Transfer of [ 14C]phosphatidylcholine (PC) from microsomes 
to plasma high density lipoproteins (HDL)a 
Before incubation After incubation 
HDL HDLb Transfer of [ “C ] PC (cpm) 
(rrrnol phospholipid) 
Phospholipid [“C]PC DeterminedC Calculatedd 
(kmml) (cpm) 
0.0 n.d. 
0.796 0.666 
1.592 1.322 
2.388 2.036 
562 - 
7369 8804 8473 (78%) 
8284 9981 .9526 (88%) 
8423 9875 9938 (91%) 
a 1 “C]PC-labeled microsomee (0.3 mg protein; 0.165 Mmol PC; 10 879 cpm) were incu- 
bated with HDL (73% PC) and PC-PLEP (10 /.rg protein) in total vol. 1 ml for 45 min at 
37°C. For further details see section 2 
b Amount of HDL phospholipid and [ ‘“C]PC recovered from supernatant fraction after 
sedimentation of microsomes 
c The determined transfer of [ Y]PC is corrected for the control and for 100% recovery 
of HDL phospholipid 
d For calculated transfer see section 2; the numbers in parentheses represent he maximal 
transfer in % (calculated transfer/l0 879 X 100%) 
39 
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Table 2 
Transfer of [ “‘C]phosphatidylcholine (PC) from microsomes to plasma lipoproteinsa 
Before incubation 
PC-PLEP 
CUPI 
After incubation 
- 
Lipoprotein Lipoprotein Transfer of [ r4C]PC (cpm) 
&mol phospholipid) - 
Phospholipid [‘“C]PC Determined Calculated 
Olmol) (cpm) 
_ _ - n.d. 1232 _ 
10 - nd. 1440 - _ 
VLDL 
- 0.280 0.280 3235 1795 _ 
_ 0.560 0.526 3454 2145 - 
10 0.280 0.274 9475 8207 8753 (39%) 
10 0.560 0.502 12 634 12 493 12 530 (56%) 
LDL 
- 0.343 0.318 2430 1068 _ 
- 0.686 0.614 3004 1747 10 343 338 9931 8620 -9338 (42%) 
10 0.686 0.608 13 178 13 248 13 133 (59%) 
HDL 
- 0.318 0.338 3695 2121 - 
- 0.637 0.562 3034 1807 10 318 334 10 949 9056 -9133 (41%) 
10 0.637 0.556 13 716 14 062 12 941(58%) 
_I_ 
a See legend to table 1. Incubation contained 0.6 1 mg of [ r4C]PC-labeled microsomal protein (0.330 pmol 
of PC; 22 125 cpm) 
the exchange protein. Table 2 shows that PC-PLEP 
gives rise to an extensive transfer of [‘4C]PC to each 
type of lipoprotein. By comparison of the determined 
and calculated transfer of [“CIPC, we conclude that 
all PC in VLDL, LDL and HDL is involved in the 
protein-mediated exchange. In contrast to the experi- 
ment described in table 1, the total lipoprotein PC- 
pools were in the same range as the microsomal 
PC pool. Under conditions where- the microsomal and 
lipoprotein PC pool would be equal, complete equili- 
bration of PC amounts to 50% transfer. Non- 
facilitated PC-transfer was also measured; exchange, 
however, was S-10 fold enhanced by addition of 
PC-PLEP. 
VLDL, LDL and HDL contain small but significant 
amounts of PI [25] . The interaction of PI with lipo- 
protein proteins is not known. To investigate whether 
the various lipoprotein classes can accept PI from rat 
liver microsomes, PI-PLEP was incubated with [3H]- 
PI-microsomes’and lipoproteins. As shown in table 3, 
PI-PLEP (1.3 pg proteins) transfers approximately 
40 
30% of the microsomal t3H]PI in 20 min. Since PI- 
PLEP transfers both PI and PC [ 15,221 we cannot be 
certain whether the lipoproteins have become enriched 
in PI or whether there has been exchange of PI. These 
data indicate that there is very little restriction on the 
part of the lipoprotein proteins for the insertion of PI. 
Furthermore, the non-facilitated transport of t3H]PI 
was 6-lo-fold slower than that observed with 
PI-PLEP. 
4. Discussion 
As seen in table 1, with the addition of a large 
excess of HDL to microsomes there was complete 
transfer of [14C]PC to the lipoproteins indicating 
that all of the PC in the microsome was available for 
protein-mediated transfer. With this information, it 
was then possible to determine to what extent lipo- 
protein PC was available for transfer. In these experi- 
ments (table 2) approximately an equivalent amount 
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Table 3 
Transfer of [ ‘H]phosphatidylinositol (PI) from microsomes to plasma lipoproteinsa 
Before incubation After incubation 
PI-PLEP Lipoprotein Lipoprotein 
olg) @mol phospholipid) 
[‘HIP1 [‘HJPI transferredb 
@pm) (%) 
VLDL 
_ 0.857 3679 6.3 
1.3 0.857 21 579 36.7 
LDL 
_ 0.514 2325 4.0 
1.3 0.514 18739 31.8 
HDL 
- 0.478 2027 3.4 
1.3 0.478 18 093 30.7 
a [ 3H]PI-labeled microsomes (1.25 mg protein; 0.07 pmol PI; 58 846 cpm) were 
incubated with VLDL, LDL and HDL in total vol. 1 ml for 20 mm at 37°C. For 
further details in section 2 
b [ ‘HIP1 transferred to lipoproteins in the supernatant fraction was corrected for 
100% recovery of lipoprotein phospholipid 
of lipoprotein phospholipids was added to [“Cl - 
PC-labeled microsomes. With the assay conditions, 
there was 10% non-protein facilitated transfer. In 
the presence of PC-PLEP, the transfer was 8-lo-fold 
greater. The most significant finding in this study was 
that all of the PC in VLDL, LDL and HDL had 
equilibrated with the microsomal PC. This result 
indicates that PC-PLEP does not discriminate between 
fatty acid chain length or degree of saturation- 
unsaturation but only requires the phosphatidyl- 
choline moiety [14,26]. In addition, these findings 
suggest hat proteins and other lipids in the lipo- 
protein do not effect the accessibility of PC for the 
exchange proteins. 
In the experiments of tables 1 and 2 we used an 
excess of PC-PLEP to assure complete equilibration 
of the PC pools. When less exchange protein was used, 
rates of PC-transfer between the various lipoprotein 
classes and microsomes were similar. This suggests 
that different lipid-protein ratios in the lipoproteins 
do not affect exposure of PC at the interface. While 
these results would argue against strong electrostatic 
interactions between the apoproteins and the polar 
head group of PC as suggested [27], caution must be 
taken since phospholipids in the lipoprotein are in a 
dynamic state. 
The finding that all of the PC in lipoproteins is 
available for exchange and that PI can be also inserted 
into the lipoproteins (table 3) gives potential applica- 
tion for exchange proteins. By using synthetic phos- 
pholipid liposomes as the donor phospholipid and the 
exchange proteins, it is now possible to alter the 
phospholipid composition of lipoproteins in a-con- 
trolled manner. This allows us to determine what 
effects changes in lipid composition have on lipo- 
protein catabolism, interaction with cells and fluidity. 
Exchange proteins may also prove useful in substitut- 
ing specifically labeled phospho [ I3 Cllipids into lipo- 
proteins under physiologic conditions. 
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